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57] ABSTRACT

A semiconductor device (10) includes a gate electrode (61)
having a silicon/tungsten nitride/tungsten silicon nitride/
tungsten silicide composition. The tungsten nitride film (21)
and tungsten suicide film (23) are formed using chemical
vapor deposition (CVD). The tungsten nitride film is formed
using a tungsten halide and N,R'R>, where each of R* and
R* is hydrogen, an alkyl group, an alkenyl group, or an
alkynyl group. The tungsten nitride film (21) is an etch stop
when patterning the tungsten silicide film (23). The CVD
tungsten nitride film (21) helps to improve gate dielectric
integrity and reduces interface traps when compared to a
sputtered tungsten nitride film (21). Also, N,R'R* can be
used to remove halogens that are adsorbed onto walls of a
reaction chamber than 1s cleaned between depositions of
substrates.

27 Claims, 3 Drawing Sheets
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PROCESS FOR FORMING A
SEMICONDUCTOR DEVICE

RELATED APPLICATIONS

This 1s related to U.S. patent application Ser. Nos. 08/828,
635; 08/829,405; 08/829,752; 08/831,286; and 08/831,287,
all filed on Mar. 31, 1997, and assigned to the current
assignee hereof.

FIELD OF THE INVENTION

This invention relates 1n general to processes for forming,
semiconductor devices, and more particularly, processes for
forming semiconductor devices with refractory metal-
containing electrodes.

BACKGROUND OF THE INVENTION

In many very large scale integration (VLSI) semiconduc-
tor devices, polycrystalline silicon (polysilicon) gates are
formed over a gate dielectric layer. Due to the relatively high
resistance values of the polysilicon film, a tungsten silicide
f1lm 1s often formed to lower resistance along the polysilicon
cgate. Generally, the tungsten silicide film 1s formed using
tungsten hexafluoride (WF) and silane SiH,). The fluorine
from the tungsten hexatfluoride can passivate interface traps,
which 1s good. However, the fluorine can also break the
silicon-oxygen bond at the silicon-gate oxide interface,
which 1s undesired because 1t creates more silicon dangling,
bonds, increases the gate dielectric layer thickness, and
decreases the dielectric constant of the gate dielectric layer.

One attempt to reduce the problem with the fluorine 1s to
increase the ratio of silane to tungsten hexafluoride during
the tungsten silicide formation. Typically, the tungsten sili-
cide film 1s formed with a ratio of silicon to tungsten of
approximately 2.1:1 to 2.6:1. However, the increased silicon
content increases the resistivity of the tungsten silicide film.

Another attempt to reduce the fluorine-related problems 1s
to form sputtered tungsten silicide film by sputter deposi-
tion. However, this 1s done at the expense of increased
particle problems. Similarly, a tungsten nitride film can be
placed between the polysilicon and the tungsten silicide, but
the tungsten nitride 1s typically formed by sputter deposi-
fion. Again, sputtering usually has more particle problems
than chemical vapor depositions.

A need exists to form a gate electrode that does not cause
cgate dielectric thickening or other changes that affect the
clectrical performance of a semiconductor device. A need
further exists to form the gate electrode without having to

develop complex processing steps.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention 1s illustrated by way of example
and not limitation in the accompanying figures, in which like
references 1ndicate similar elements, and 1n which:

FIG. 1 includes an 1llustration of a cross-sectional view of
a portion of a semiconductor device substrate after forming
field 1solation regions, a gate dielectric layer, and a poly-
silicon film;

FIG. 2 includes an illustration of a cross-sectional view of
the substrate of FIG. 1 after a tungsten nitride film 1in
accordance of one embodiment of the present mnvention;

FIG. 3 includes an 1llustration of a cross-sectional view of
the substrate of FIG. 1 after a tungsten silicide film over the
tungsten nitride film;

FIG. 4 includes a plot illustrating the normalized gas flow
rates during the chemical vapor deposition of the tungsten
nitride and tungsten silicide films;
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FIG. 5 includes an illustration of a cross-sectional view of
the substrate of FIG. 3 after patterning the tungsten silicide

film;

FIG. 6 includes an 1llustration of a cross-sectional view of
the substrate of FIG. 5 after forming gate electrodes 1n
accordance with an embodiment of the present invention;
and

FIG. 7 includes an 1llustration of a cross-sectional view of
the substrate of FIG. 6 after forming a substantially com-
pleted device.

Skilled artisans appreciate that elements 1n the figures are
illustrated for simplicity and clarity and have not necessarily
been drawn to scale. For example, the dimensions of some
of the elements 1n the figures are exaggerated relative to
other elements to help to improve understanding of
embodiment(s) of the present invention.

DETAILED DESCRIPTION

A semiconductor device includes a gate electrode having
a silicon/tungsten nitride/tungsten silicon nitride/tungsten
silicide composition. The tungsten nitride and tungsten
silicide are formed using chemical vapor deposition (CVD).
The tungsten nitride film 1s formed using a tungsten halide
and N,R'R” (a hydrazine compound), where each of R* and
R* is hydrogen, an alkyl group, an alkenyl group, or an
alkynyl group. In this specification, superscripts are used for
the radical groups because subscripts are used to denote the
atomic content. For example, the “N,” indicates that there
are two nitrogen atoms, whereas each of R, and R” is one
radical group. N,R'R” can be hydrazine (N,H,), methyl
hydrazine (N.HCH,), ethyl hydrazine (N,HC,H.), or the
like. The tungsten nitride film 1s an etch stop when pattern-
ing the tungsten silicide film. The CVD tungsten nitride film
helps to improve gate dielectric ntegrity and reduces inter-
face traps when compared to a sputtered tungsten nitride
film. The present invention 1s better understood with the
embodiments described below.

FIG. 1 includes an 1llustration of a portion of a semicon-
ductor device substrate 12 after performing several process-
ing steps. The substrate 12 includes a monocrystalline
semiconductor wafer, a semiconductor-on-insulator wafer,
or any other substrate used to form semiconductor devices.
Field isolation regions 18 and a gate dielectric layer 14
overlie the substrate 12. The field 1solation regions 18 are
formed by a selective oxidation process or a trench 1solation
process. The gate dielectric layer 14, which 1s an mnsulating
layer, 1ncludes silicon dioxide, a nitrided oxide, or the like.
A silicon film 16 overlies the gate dielectric layer 14 and 1s
a doped polysilicon or doped amorphous silicon film. The
dopant for the silicon film is 1ntroduced in-situ during the
deposition or as a separate doping step following deposition.

A tungsten nitride (WN_) film 21 is formed by chemical
vapor deposition over the silicon film 16 1 FIG. 2. The
tungsten source gas mncludes tungsten hexafluoride, tungsten
hexachloride, another tungsten halide, or the like. The
nitrogen source gas includes a material having a general
formula of N,R'R”, where each of R* and R” is hydrogen;
an alkyl group, such as methyl, ethyl, and the like; an alkenyl
oroup, such as ethenyl and the like; or an alkynyl group,
such as ethynyl. The radical groups R*' and R* can be the
same or different. Generally, each radical group should have
no more than three carbon atoms. In one specific
embodiment, tungsten hexatluoride and methyl hydrazine
are used. The gas flow rates during most of the deposition
are 1n a range of approximately 4-8 standard cubic centi-
meters per minute (sccm) for tungsten hexafluoride and
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approximately 5—15 sccm for methyl hydrazine. The depo-
sition 1s performed at a temperature 1s within a range of
approximately 400—600 degrees Celsius, and at a pressure of
approximately 0.3-0.9 torr.

The tungsten nitride film 21 has a composition and
thickness sufficient to virtually prevent any fluorine from a
subsequently formed tungsten silicide film from reaching the
cgate dielectric layer 14 and to virtually prevent any dopant
from within the polysilicon film 16 from outgassing during
subsequent processing steps. Typically, the tungsten nitride
film 21 has a nitrogen content 1n a range of approximately
15-50 atomic percent nitrogen (in WN_, where X is approxi-
mately 0.18-0.50) and a thickness in a range of approxi-
mately 50-150 angstroms, and more usually 1n a range of
approximately 80-120 angstroms. The tungsten nitride film
21 becomes too resistive 1f the tungsten nitride film 21 has
a nitrogen content 1s too high or is too thick. Typically the
tungsten nitride film 21 1s not stoichiometric and 1s tungsten
rich.

A transition film 22 and a tungsten suicide (WSi1,) film 23
are also formed by chemical vapor deposition as seen 1n
FIG. 3. Near the end of the deposition of the tungsten nitride
film 21, the nitrogen source gas 1s gradually ramped down
and a silicon source gas 1s ramped up as shown in FIG. 4. In
FIG. 4, the heavier solid line represents the methyl hydra-
zine flow (nitrogen source gas), the lighter solid line repre-
sents the tungsten hexafluoride flow (tungsten source gas),
and the dashed line represents the silane flow (silicon source
gas). The normalized flow rates are the actual flow rate at a
point 1n time divided by the maximum flow rate of that gas

during the formation of the tungsten nitride and tungsten
silicide films 21 and 23.

The gradual rampings of the nitrogen and silicon source
cgases form the transition film 22 that includes a tungsten
silicon nitride compound. In one embodiment, the transition
film 22 1s a tungsten silicon nitride and i1s formed using
tungsten hexatluoride, silane, and methyl hydrazine. The
transition {ilm 22 has a thickness 1n a range of approximately
50—100 angstroms. After the nitrogen source gas terminates,
tungsten silicide 1s formed. The transition film 22 1s not
required but 1s typically formed because instantaneous
rampings ol the nitrogen source gas off and the silicon
source gas to its setpoint to form the tungsten silicide film 23

should be avoided.

The silicon source gas includes silane, disilane,
monochlorosilane, dichlorosilane, or the like. In one
embodiment, silane flows at a rate of approximately
350-600 sccm. Otherwise, the deposition parameters are
similar to those used for the tungsten nitride deposition.
Because a tungsten nitride film 21 1s present, the silicon to
tungsten ratio i1n the tungsten silicide film 23 can be kept
closer to two. The tungsten silicide film 23 should not be
tungsten rich because of its reactivity with other chemicals
used during subsequent processing (i.e., oxygen, etc.). The
tungsten suicide film 23 has a thickness 1n a range of
approximately 500-1500 angstroms.

The deposition of the tungsten nitride, transition, and
tungsten suicide films 21-23 are performed in the same
reaction chamber during the same evacuation cycle. The
reaction chamber has a shower head and the substrate is
heated using a susceptor heater. An example of such a
reaction chamber 1s used on the Centura platform made by
Applied Materals, Inc. of Santa Clara, Calif.

At this point 1n the process, the substrate 12 and films
21-23 are annealed at a temperature 1n a range of approxi-
mately 900-950 degrees Celsius for approximately 30 sec-
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onds. Unlike the prior art, the conductivity-type dopants
(.., boron, phosphorus, arsenic, or the like) do not migrate
from the silicon film 16 to the tungsten silicide film 23.
Therefore, the resistivity of the silicon film 16 1s better
controlled and can be relatively higher compared to the prior
art structure not having the tungsten nitride film 21.

A resist layer 1s formed and patterned to form resist
members 52 as shown in FIG. 5. Although not shown, an anti
reflective film, such as a nitride, can be formed over the

tungsten silicide film 23 before the resist layer 1s coated over
the substrate 12. The tungsten silicide film 23 1s etched using
an etch chemistry including sulfur hexafluoride and hydro-
ogen bromide. The etch 1s performed to expose the tungsten
nitride film 21. The etch chemistry 1s switched to molecular
chlorine and molecular oxygen. For the tungsten nitride film
21, the pressure 1s 1n a range of approximately 5-50
millitorr, the molecular chlorine flows at a rate of approxi-
mately 10—100 sccm, the molecular chlorine flows at a rate
of approximately 1-10 sccm, and radio frequency power in
a range of approximately 100-900 watts. The etch 1s per-
formed to expose the silicon film 16. The silicon {film 16 is
ctched using an etch chemistry of molecular chlorine and
hydrogen bromide to expose the gate dielectric layer 14.

The etching sequence 1s performed in the same etcher
during the same evacuation cycle. In other embodiments,
different etchers or different evacuation cycles are used
between any two or all three steps of the sequence. Other
ctch chemistries may also be used. Sulfur hexafluoride can
be replaced by another fluorine-containing compound, such
as nitrogen trifluoride, fluorinated methanes and ethanes,
and molecular chlorine can be replaced by another chlorine-
containing compound, such as hydrogen chloride. For etches
that include hydrogen bromide, the etch chemistry can
include sulfur hexafluoride, a chlorine-containing
compound, or both. The resist members 52 are ashed leaving
cgate electrodes 61 that include the silicon, tungsten nitride,
transition, and tungsten silicide films 16, and 21-23 as
illustrated 1n FIG. 6. An oxidation cycle 1s performed to
oxidize a portion of the gate electrodes 61 to protect the gate
clectrodes 61 during subsequent processing steps.

The substrate 1s further processed to form a substantially
completed semiconductor device 10 as shown i FIG. 7.
Doped regions 72 are formed within the substrate 12 adja-
cent to the gate electrodes 61. The doped regions 72 are
source/drain regions (current carrying electrodes) for the
transistors shown 1n semiconductor device 10. Silicon
nitride spacers 29 are formed adjacent to the sides of the gate
clectrodes 61 that include the silicon, tungsten nitride,
transition, and tungsten silicide films 16, and 21-23. In
interlevel dielectric (ILD) layer 70 includes an undoped
oxide film 702 and a doped oxide film 704 that are formed
by chemical vapor deposition. The doped oxide film 704 1s
typically a borophosphosilicate glass (BPSG). The undoped
and doped oxade films 702 and 704 are patterned to form a
contact opening 74. A conductive plug 76 1s formed within
the contact opening 74 and includes tungsten and adhesion/
barrier films, such as titanium/titanium nitride.

An mterconnect layer 78 1s formed over the ILD layer 70
and the conductive plug 76. The interconnect layer 78
includes aluminum, copper or the like and 1s typically
formed with an adhesion/barrier film or an anti reflective
coating. In one embodiment, the adhesion/barrier film
includes titanium/titantum nitride, and the anti reflective
coating includes titanium nitride. A passivation layer 80 1is
formed over the interconnect layer 78 and exposed portions
of the ILD layer 70. The passivation layer 80 includes a
doped oxade film 802 and a silicon nitride film 804. Bond
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pads are formed through the passivation layer 80, and the
semiconductor device 1s subsequently packaged.

The process can be used to form gate electrodes for
memory cells within a memory array of semiconductor
device 10. The memory array includes SRAM, DRAM, or
flash nonvolatile memory. The memory array can be part of
a stand alone memory device or part of a microprocessor,
microcontroller, or the like.

The present mvention includes benefits that are not seen
with prior art methods. The tungsten nitride film 21 should
essentially prevent gate dielectric layer thickening caused by
fluorine 1n the tungsten hexafluoride. Also, although some
fluorine reaches the gate dielectric layer-substrate interface,
the concentration of fluorine should not be high enough to
cause gate dielectric integrity problems. The fluorine reach-
ing the interface during the tungsten nitride film 21 should
help passivate interface traps and help the performance of
the device. Such passivation would not occur if the tungsten
nitride film 21 were sputter deposited. The tungsten silicide
f1lm 23 can have a concentration closer to the stoichiometric
value (WS1,_, where x is closer to 2.0) because the tungsten
nitride film 21 should essentially be a fluorine diffusion
barrier during the tungsten silicide formation.

The tungsten nitride film 21 adheres well to the silicon
film 16. A surface preclean used to improve adhesion
between silicon and tungsten silicide 1s not needed. Also, the
deposition of the tungsten nitride, transition, and tungsten
silicide films 21-23 are performed during the same evacu-
ation cycle. Therefore, additional handling and particle
problems associated with that handling 1s not present.

The tungsten nitride film 21 improves the control over the
cgate electrode etch. More specifically, the chemistry used to
ctch the tungsten silicide film 23 etches silicon faster than
tungsten silicide. The tungsten nitride film 21 1s an etch stop
and allows more control over etching the silicon film 16.
This 1improves process margin.

The N,R'R”* compound can be used to reduce the halogen
content on the walls of the reaction chamber. A first substrate
and the gate dielectric layer 14 1s processed 1n a reaction
chamber to form films 21-23. After depositing films 21-23,
the first substrate 1s removed the reaction chamber 1s cleaned
using a fluorine-containing gas, such as nitrogen trifluoride
(NF,). Fluorine is adsorbed onto the surfaces within the
reaction chamber during the reaction chamber clean. The
N_R'R” reacts with the fluorine on the surfaces and is
removed by the vacuum pump. This fluorine reduction step
can be performed between processing substrates or as part of
the N,R'R* flow before forming the films 21-23 on a
subsequent substrate. Clearly, this process can be extended
to chemical vapor depositions of other refractory metal
nitrides, other refractory metal silicides, and other
refractory-metal silicon nitrides, where the refractory metal
includes titanium, tantalum, molybdenum, or the like. Also,
other halogens, such as chlorine, bromine, and like, may be
used 1n cleaning. The hydrazine compound is similarly
expected to reduce chlorine or bromine content on the walls
of the reaction chamber.

In the foregoing specification, the invention has been
described with reference to specific embodiments. However,
one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing
from the scope of the present invention as set forth in the
claims below. Accordingly, the specification and figures are
to be regarded in an 1illustrative rather than a restrictive
sense, and all such modifications are intended to be included
within the scope of present invention. In the claims, means-
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plus-function clause(s), if any, cover the structures described
herein that perform the recited function(s). The mean-plus-
function clause(s) also cover structural equivalents and
equivalent structures that perform the recited function(s).
We claim:
1. A process for forming a semiconductor device com-
prising the steps of:

forming a gate dielectric layer over a substrate;
forming a silicon film over the gate dielectric layer;

forming a first film over the silicon film by chemical vapor
deposition using a halogen-containing tungsten source
gas and a nitrogen source gas,
wherein the first film includes tungsten and nitrogen;
and

forming a second film over the first film by chemical
vapor deposition using a second tungsten source gas
and a silicon source gas,
wherein the second film includes tungsten and silicon;

patterning the substrate to form a gate electrode that
mncludes the silicon film, the first film, and the second
f1lm.

2. The process of claim 1, wherein the steps of forming the
first and second films are performed during a same evacu-
ation cycle.

3. The process of claim 2, wherein:

forming the first film includes introducing the halogen-
containing tungsten source gas after introducing methyl
hydrazine; and

forming the second film includes introducing the silicon

source gas alter introducing the methyl hydrazine.

4. The process of claim 3, wherein the step of introducing,
a silicon source gas begins after a flow rate of the methyl
hydrazine decreases but before the flow rate of methyl
hydrazine 1s terminated.

5. The process of claim 3, wherein the steps of mntroducing,
form a transition region on the first film and comprises
tungsten silicon nitride.

6. The process of claim 1, wherein:

the step of forming the first film comprises a substep of
introducing the halogen-containing tungsten source
£4as;

the step of forming the second film comprises a substep of
introducing the second tungsten source gas; and

the halogen-containing and second tungsten source gases

are a same tungsten halide.

7. The process of claim 1, wherein the nitrogen source gas
includes a constituent selected from the group consisting of
hydrogen, an alkyl group, an alkenyl group, and an alkynyl
group.

8. The process of claim 1, wherein:

for the step of forming the first film, the halogen-

containing tungsten source gas flows 1n a range of

approximately 4—8 sccm, and the nitrogen source gas
flows 1n a range of approximately 5—15 sccm; and

for the step of forming the second film the second
tungsten source gas flows 1n a range of approximately
4-8 sccm, the silicon source gas flows 1n a range of
approximately 350-600 sccm.

9. The process of claim 1, further comprising a step of
ctching the second film using an etch chemistry including a
fluorine-containing compound and a bromine-containing
compound.

10. The process of claim 9, wherein the step of etching
uses the etch chemistry including sulfur hexafluoride and
hydrogen bromide.
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11. The process of claim 1, further comprising a step of
ctching the first film usmng an etch chemistry including a
chlorine-containing compound.

12. The process of claim 11, wherein the step of etching
uses the etch chemustry further including oxygen.

13. The process of claim 11, wherein the step of etching
includes the chlorine-containing compound 1s molecular
chlorine.

14. The process of claim 1, further comprising a step of
ctching the silicon film using an etch chemistry including
molecular chlorine and hydrogen bromide.

15. The process of claim 1, further comprising steps of:

etching the silicon, first, and second films to form a gate
electrode that includes the silicon, first, and second
films; and

oxidizing sides of the gate electrode.
16. The process of claim 15, further comprising steps of:

forming doped regions within the substrate adjacent to the
gate electrode;

forming an mterlevel dielectric layer over the doped
regions and gate electrode;

forming an interconnect over the interlevel dielectric
layer, wherein the interconnect is electrically connected
to at least one of the doped regions; and

forming a passivation layer over the interconnect.

17. The process of claim 15, wherein the process forms a
memory device, and the gate electrode 1s a gate electrode for
a memory cell within the memory device.

18. The process of claim 1, wherein the step of forming
the first film 1s performed at a temperature of approximately
400-600 degrees Celsius.

19. The process of claim 1, wherein the steps of forming
the first and second films are performed at a pressure 1n a
range of approximately 0.3—0.9 Torr.

20. The process of claim 1, wherein:

the step of forming the first film comprises a step of

depositing tungsten nitride to a thickness of approxi-
mately 50-150 angstroms; and

the step of forming the second film comprises a step of

depositing tungsten silicide to a thickness of approxi-
mately 500—1500 angstroms.

21. The process of claim 1, further comprising;:

forming a transition film after forming the first film and
before forming the second film, wherein the transition
film includes tungsten silicon nitride and has a thick-
ness of approximately 50-100 angstroms.

22. The process of claim 1, further comprising steps of:

introducing a conductivity dopant into the silicon film;
and
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annealing the silicon, first, and second films, wherem the
conductivity dopant does not substantially by migrate
into the second film during the step of annealing.
23. A process for forming different semiconductor devices
on different substrates comprising the steps of:

forming a first refractory metal-containing film for a first
semiconductor device over a first substrate within a
reaction chamber, wherein the first refractory metal-
containing film 1s selected from the group consisting of
a refractory metal nitride, a refractory metal silicide,
and a refractory metal-silicon nitride;

cleaning the reaction chamber following the step of
forming the first refractory metal-containing film,
wherein this step 1s performed using a fluorine-
containing compound;

introducing a hydrazine compound into the reaction
chamber after the step of cleaning; and

forming a second refractory metal-containing film for a
second semiconductor device over a second substrate
within the reaction chamber after the step of itroduc-
ing a hydrazine compound, wherein the second refrac-
tory metal-containing film 1s selected from the group
consisting of a refractory metal nitride, a refractory
metal silicide, and a refractory metal-silicon nitride.

24. The process of claim 23, wherein the hydrazine
compound 1ncludes a constituent selected from the group
consisting of an alkyl group, an alkenyl group, and an
alkynyl group.

25. The process of claim 23, wherein the steps of forming
the first and second refractory metal-containing films com-
prises steps of forming a first tungsten nitride film and
forming a second tungsten nitride film.

26. The process of claim 23, further comprising steps of:

forming a first gate dielectric layer over the first substrate
before the step of forming the first refractory metal-
containing film; and

forming a second gate dielectric layer over the second
substrate before the step of forming the second refrac-
tory metal-containing film.

27. The process of claim 26, further comprising steps of:

forming a first refractory metal suicide film over the first
refractory metal-containing film before the step of
cleaning; and

forming a second refractory metal silicide film over the
second refractory metal-containing film,

wherein the steps of forming the first and second refrac-
tory metal-containing films include steps of forming a
first refractory metal nitride and forming a second
refractory metal nitride.




	Front Page
	Drawings
	Specification
	Claims

